ABSTRACT Baby hamster kidney or HeLa cells form tumors in 100% of athymic nude mice. When such cells are persistently infected (PI) with RNA viruses, such as mumps or measles virus,
Congenitally athymic nude mice have been used widely as experimental hosts for transplantable tumor cell lines (1, 2) and have become a major tool for defining tumorigenicity of such cells (3, 4) . Yet, nude mice appear to have no higher incidence than normal mice ofchemically induced or spontaneous tumors (5, 6) and show infrequent metastases of tumors known to be metastatic in their original host (7, 8) . In addition, various human tumor types (notably prostatic carcinomas, breast tumors, lymphomas, and leukemias) do not readily grow in nude mice despite their immunologically compromised status (8, 9) .
We have found that tumor cells, such as HeLa and baby hamster kidney (BHK) cells invariably grow in nude mice, with as few as 10-100 cells producing 100% mortality (10) . Yet if these cells are rendered persistently infected (PI) with a variety of RNA viruses, the virus-PI cells, even in very high numbers (105-107), either completely fail to grow or remain as stationary nodules. In trying to understand the mechanism ofrestriction of growth of the virus-PI tumor cell lines, we have found that splenic lymphocytes from normal nude mice exert spontaneous cytotoxicity in vitro against virus-infected tumor cells (but not against the uninfected tumor cells), and that the cell responsible for this cytotoxicity appears to be a natural killer (NK) cell (11) .
Although it is clear that rejection of the virus-PI tumor cell lines in vivo is an active process of the host (10, 11) and can be abrogated by irradiation (10) , it remains to be established whether the NK mechanisms effective in vitro has relevance to restriction of tumor growth in vivo. Because interferon (IF) appears to be the major regulatory factor controlling the generation of NK cells (12) (13) (14) (15) , we have attempted to assess the role of the IF-NK cell mechanisms in vivo by studying the effect of treating nude mice with high-titer antisera prepared against mouse IF on the growth of both virus-PI tumor lines and primary human prostatic tumor cells.
MATERIAL AND METHODS Mice. Five-to 8-wk-old BALB/c nu/nu mice and the tumor cell lines BHK21 and HeLa, uninfected or PI with measles virus or mumps virus, were maintained as described (10, 11, 16) . All cell lines were repeatedly monitored for mycoplasma contamination by using the Hoechst stain and were found to be consistently negative.
Primary Human Prostatic Tumors. Surgical specimens of human prostatic tumors were minced, and 0.2 ml was injected subcutaneously into adult male BALB/c nude mice treated with 20-mg pellets of dihydrotestosterone. All mice were observed for up to 6 mo for the development oftumors.
Autopsy Procedures. All mice were autopsied and tissues were prepared as described (10, 11, 16) .
Anti-Lymphocyte Serum. Rabbit anti-mouse lymphocyte serum (ALS) was purchased from Microbiological Associates, Bethesda, MD. Mice were injected intraperitoneally (i.p.) twice weekly with0. 1 ml ofa 1:2 dilution.
Anti-IF Globulin. Sheep anti-mouse IF serum (globulin fraction) was prepared as described. (17) . The globulin at a dilution of 1:1000 completely neutralized 200 units of mouse leukocyte IF induced by HeLa-Ms cells. The antiserum diluted 1:3 with phosphate-buffered saline was absorbed with one-third vol of packed BALB/c spleen cells and erythrocytes for 30 min at 40C, and 0.1 ml of the absorbed globulin was injected intravenously (i.v.) into the nude mice at the same time as the subcutaneous (s.c.) inoculation of tumor cells. Normal sheep serum was absorbed as described above and was used as a control in one experiment. In some experiments a sheep antiserum to contaminants in the IF preparation (unpublished data), which lacked anti-IF activity, was used. It was absorbed as described for the antiserum to IF 
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IF Assay. The titer of IF in the culture supernates of mixed lymphocyte/tumor cell cultures was assayed by using a standard microassay with encephalomyocarditis virus as the challenging virus and L cells as the indicator cells as described (14) . tance to these tumor cells in nude mice: (i) the IF produced could act directly on the tumor cells, inhibiting their growth; or (ii) IF could act indirectly by potentiating host effector mechanisms, most likely through the NK cell system. Although IF is known to be largely species-specific,and the tumors used here were xenogeneic, we examined the direct effect of 1000 units/ (Table 2) . Similarly, of 63 surgical specimens of prostatic carcinoma or adenocarcinoma transplanted into 145 nude mice, none developed into a growing neoplasm. The histopathology of the residues (Fig. 2G ) from transplants of either BPH or prostatic carcinomas showed thick stromal capsules, host cellular infiltrates, keratin formation, and squamous metaplasia of the tumor cells. No invasiveness or evidence of metastases was observed in any of the mice examined.
RESULTS
In the present experiment, surgical specimens of human prostatic adenocarcinomas from two patients were transplanted into BALB/c nude mice treated either with anti-mouse IF, ALS, or normal rabbit or sheep serum. The surgical specimens grew in all of the mice treated with either anti-IF globulin or ALS (Table 2 ). Both specimens have given rise to transplantable tumor lines that can be maintained in immunosuppressed nude mice. When treatment was interrupted, regression of neoplasms invariably ensued. Paraffin sections (Fig. 2H ) from the anti-IF or ALS-treated mice showed a histologic pattern identical to that described for the original prostatic tumor in situ. The tumors were relatively well circumscribed in most cases, and little or no host response was seen. In some of the mice, particularly those treated with anti-IF, the prostatic tumors invaded the peritoneal and pleural cavities.
DISCUSSION
A large body of evidence indicates that (i) NK cells can discriminate between virus-infected cells and uninfected cells in vitro (11, 14, (19) (20) (21) , (ii) nude mice possess T cell independent defense mechanisms against virus infections and tumor cell growth (5, 11, 14, (19) (20) (21) (22) (12) (13) (14) (15) . It is well established that both the antiviral and growth-inhibitory effects of IF are rather strictly species-specific (26) . The tumor cells used in these studies were either of human or hamster origin and, thus, it was unlikely that mouse IF could act directly on such cells. This was, indeed, confirmed directly in vitro using HeLa-Ms cells.
Previous work has indicated that NK cell activity in conventional or nude mice is augmented by the inoculation of tumor cells or virus-PI cell lines (11, 27) . In contrast to results with conventional mice, in which the augmentation is evanescent, elevated NK cell activity following virus-PI tumor cell challenge in vivo persists at least 1 mo in nude mice (11) . Both virus-PI cell lines, but not the uninfected tumor cells, induced IF production in vitro when cocultivated with normal spleen cells, but the levels of IF produced were dependent on the genetic background of the mice used (14) . With the exception of a variant of VSVinfected BHK cells, serum levels of IF in nude or conventional mice challenged with virus-PI tumor cells could not be detected (11, 14) . In 
